Twenty-six patients aged 45 or over at the time of surgical repair of a secundum atrial septal defect have been reviewed with the object of assessing the value of the operation. Pre-operatively 12 were classed as grade IIIA or worse on the basis of their symptoms. There were six deaths in the series, three early and three late. The remaining 20 patients were improved as judged by symptoms, physical examination, and radiographic and electrocardiographic criteria. In 11 patients catheterized pre-and post-operatively, it was found that the pulmonary arterial pressure had fallen following the repair, reaching normal levels in nine. It is concluded that surgical repair of secundum atrial septal defects is of material benefit to patients of this age-group.
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Although patients with atrial septal defects may have a normal life span during which they are symptom-free, many die prematurely and many more become increasingly symptomatic with age.
The average age at death has varied in different series between 36 and 49 years (Roesler, 1934; Burrett and White, 1945; Welch and Kinney, 1948; Cosby and Griffith, 1949; Campbell, Neill, and Suzman, 1957; and Davidsen, 1960) . A recent study by Markman, Howitt, and Wade (1965) supports the contention of Wood (1962) that most patients will develop symptoms ,by the sixth decade even though symptom-free before this.
In recent years, repair of atrial septal defect has been practicable with an acceptably low mortality (Barratt-Boyes, 1963) . Because it has been our belief that repair of the defect will favourably influence the prognosis in terms of both morbidity and mortality, it has been our practice to advise surgical closure, unless the shunt is diminutive, in all patients with uncomplicated atrial septal defect, including those who are middle-aged. However, it has been suggested that surgery may not benefit the middle-aged or elderly patient with an atrial septal defect (Wolf, Vogel, Pryor, and Blount, 1968; Markman et al., 1965) ; and in an attempt to clarify our own experience we have recently reviewed all our patients aged 45 or more at the time of atrial septal defect repair. It is the purpose of this paper to present the results of this review. ' Twenty-three *of the patients were referred because of decreasing exercise tolerance. Three denied effort dyspnoea, but two of these were referred because of palpitations. Only one was symptom-free.
The relative frequency of presenting symptoms is illustrated in Figure 2 . On the basis of Donald, Bishop, and Wade's (1954) modification of the New York Heart Association clinical grades, three patients were classified grade I, eight grade II, seven grade IIIA, six grade IIIB, and two grade IV.
When first seen five patients were in frank congestive heart failure, and in two others the jugular venous pressure was significantly raised. The systolic lift over the right ventricle was assessed as slight in 13, moderate in 10, and considerable in two. In three a systolic pulmonary artery lift was palpable. An ejection click in the pulmonary area was audible in 11. A systolic ejection murmur in the pulm.onary area was not a constant finding, being present in only 20 of the 26. In three no murmurs were audible, and in the remaining two, one of whom was found to have associated mitral incompetence due to a ruptured ,posterior cord, there was an apical pansystolic murmur. The second heart sound was widely split and fixed in 18, abnormally widely split but varying with respiration in five, and of uncertain behaviour in three. Tricuspid diastolic murmurs were heard in 11 and an early diastolic murmur in the pulmonary area attributed to pulmonary incompetence was noted in one. The murmur of tricuspid incompetence was present in two patients.
On radiological examination, cardiac enlargement was shown in 24, whilst in 22 the lung fields were convincingly plethoric.
Standard 12-lead electrocardiograms revealed the presence of a partial right bundle-branch 'block pattern in 21 and a complete right bundlezbranch block pattern in four. The remaining patient showed a left bundle-branch block pattern. Evidence of right ventricular hypertrophy as judged by the R:S ratio in lead Vi was present in 20. Ten patients had an arrhythmia. In two this consisted of frequent ventricular ectopic beats, seven were in atrial fibrillation or flutter, and one had a supraventricular tachycardia with a 2: 1 ventricular response. The mean QRS axis in the frontal plane was less than -90' in three patients, normal (i.e., between -30°and + 110°) in 19, and greater than + 1 10' in two. In two the vector was indeterminate.
All but case 12 underwent cardiac catheterization pre-operatively. The relevant catheter data are summarized in Tables I and II. (Table II comprises those patients in whom post-operative studies were also undertaken.) All patients had a left-to-right shunt at atrial level, the pulmonary to systemic flow ratio (Qp/Qs) ranging from 1-6 to 6-5. In 18, systolic pulmonary artery pressure was elevated to over 30 mm. Hg, and in four of these it was above 60 mm. Hg. The pulmonary vascular resistance in all but eight patients was less than 2 resistance units; and in only two was the resistance as high as 5 units. The repair was performed using the atrial well (Kirklin, Ellis, and Barratt-Boyes, 1956 ) in 22 patients while cardiopulmonary bypass was used in four. The defect was closed by direct suture in six and a prosthetic patch of uncompressed polyvinyl alcohol (Ivalon) sponge was used in the remainder. In the patient with a sinus venosus type defect and a persistent left superior vena cava (case 22) a complete correction using an internal patch was impracticable because of the smallness of the right superior vena cava. Complete correction was, however, obtained by atrioseptopexy following ligation of the small right superior vena cava above the highest anomalous vein (Williams and Barratt-Boyes, 1959) . The other patient with a sinus venosus type defect (case 17) also presented a problem in repair. At operation the atrial defect was found to be large, with the usual anomalous drainage of both right upper and middle lobe pulmonary veins into the superior vena cava. In the course of closure with a prosthetic patch a tear in the superior vena cava required repair. It became obvious that in the post-operative period the superior vena cava now drained to the left atrium. At reoperation using heart-lung bypass the prosthetic patch was found to be occluding the lower end of the superior vena cava. This was corrected, and a satisfactory result, including correction of the anomalous pulmonary venous drainage, achieved. (Table I) , had a relatively small secundum atrial septal defect closed by direct suture using the atrial well. Post-operatively she was started on anticoagulants because of a past history of deepvein thrombosis and made excellent progress until the fourth post-operative day, when she became severely shocked following chest pain. An initial diagnosis of pulmonary embolism was made and when it became evident that she had in fact a massive right hae!mothorax she could not be resuscitated. Post-mortem examination confirmed the presence of a large right haemothorax.
CASE 25 This 58-year-old man, classified as grade IIIA (Table I) , had an atrial septal defect in association with mitral incompetence due to a ruptured chord. He also showed the skeletal deformities of the HoltOram syndrome. His defect was successfully closed on cardiopulmonary bypass and a mitral valve plication was performed. Convalescence was uneventful un,til the 25tth post-operative day, when he complained of sudden severe retrosternal pain. An electrocardiogram showed changes consistent with widespread posterior myocardial infarction. Cardiac arrest occurred 20 minutes later and attempted resuscitation was unsuccessful. At post-mortem examination the circumflex coronary artery was ifound to be completely occluded by a thrombus.
CASE 18 This 52-year-old man who had chronic bronchial asthma was in functional grade IV. He had a large left-to-righit shunt with a moderate increase in pulmonary artery pressure but a pulmonary vascular resistance within the normal range (Table II) . A large atrial septail defect was closed with a prosthetic patch on cardiopulmonary bypass. The immediate postoperative course was stormy in that he developed severe bronchospasm, and ventricular fibrillation recurred three times while he was still in the operating theatre. He was defibrillated on each occasion. His sternal wound subsequently required re-suturing and eventually became infected. After two weeks he developed severe congestive heart failure for reasons which were obscure. This was treated intensively with good results and he was eventually discharged free from failure. A post-operative catheter study showed no residual shunt and normal pulmonary artery pressures and resistance (Table II) . He died suddenly at home four months post-operatively at a time when his general practitioner considered that he had improved symptomatically. There was no necropsy and death was presumed to be due to an arrhythmia.
CASE 1 This paitient was an extremely obese man of 45. He was classified grade IIIA pre-operatively and had been in congestive heart failure, requiring digitalis and diuretics. He was a heavy drinker and was under treatment for systemic hypertension. Pulmonary function tests showed impaired alveolar ventilation, thought to be secondary to his obesity. There was a relatively small bi-directional shunt, but the pulmonary vascular resistance was significantly raised (Table I) . He was accepted reluctantly for operation and a small secundum defect with partial anomalous venous connections to the right atrium was completely corrected with a prosthetic patch using the atrial weU technique. His subsequent progress was satisfactory, and at his last review 19 months postoperatively, and eight months before his death, he was thought to be so much better that digoxin was stopped and he was allowed to return to work. He apparently deteriorated subsequently and was said to have been 'in and out of cardiac failure' until the time of his death, which was attributed to 'myocardial failure'. A post-mortem examination was not performed.
CASE 6 This 47-year-old woman was classified grade II pre-operatively. She had a large shunt but only mildly raised pulmonary arterial pressures (Table I) . A modest-sized atrial septal defect was closed by direct suture using the atrial well technique and her convalescence was without incident. Eighteen months later she died after severe retrosternal chest pain. Postmortem examination confirmed the diagn-osis of myocardial infarction due to atheromatous coronary artery occlusion. At the time of death she was probably in functional grade I.
In summary, three deaths were olosely associated with the operation itself. One of them (case 26) was avoidable, whilst another (case 26) was due to coincidental ischaemic heart disease. Of the three late deaths, one (case 6) was due to ischaemic heart disease, and another (case 1) was attributed to progressive myocardial failure in an obese, hypertensive man of alcoholic habits. Two deaths, one early (case 22) and one late (case 18), appear to have been due to arrhythmia. There was no apparent relationship between the mortality and the functional grading, the size of the left-to-right shunt, or pulmonary vascular resistance. Figure 3 illustrates the change in functional grading of these 20 patients. In many cases the improvement has been dramatic. Thirteen are symptom-free. Of the remainder, five admit to some exertional dyspnoea and two to occasional bouts of palpitations. In no case are these symptoms severe or disabling.
Of the five patients now classified as functional grade II or worse, three have pulmonary disease, the severity of which has been established by tests of pulmonary function. One (case 17) has a long past history of recurrent bronchitis and is known to have moderate airways obstruction. There has been an impressive reduction in heart size since operation and we believe that her present symptoms are largely the result of chronic bronchitis.
The second (case 20) has widespread bullous emphysema involving the left lung and had had a previous thoracotomy to obliterate the cysts. She is known to have had a trivial shunt postoperatively and remains in atrial fibrillation, refusing rhythm reversion. The third patient (case 24) had 'been shown to have severe airways obstruction pre-operatively. She also had the highest pulmonary vascular resistance of the whole group (Table II) . Post-operatively her exercise tolerance has improved, where previously there had been progressive deterioration.
Of the other two in this group, one had severe congestive heart failure with tricuspid incompFtence and has been followed for only five months, and the other is in atrial fibrillation and has angina on effort.
On examination only four of the 20 have detectable residual right ventricular lift. One of these is known to have a small residual shunt, and another has tricuspid regurgitation. In four a grade 1/4 ejection systolic murmur in the pulmonary area is still present. Respiratory variation in splitting of the second sound is normal in 17 patients, including two known to have trivial residual shunts. It is abnormal in three, including two with small residual shunts. No patient now has a tricuspid diastolic murmur.
Radiologically, the heart size, pulmonary arterial dilatation, and pulmonary vascularity have, with two exceptions, decreased in all patients (Fig. 4) . One of these (case 13) is known to have a residual shunt but is symptom-free, although her heart size is no smaller than preoperatively. In the other (case 2), who is an alcoholic, normal respiratory variation in the splitting of the second heart sound and pulmonary vascular markings argue for successful closure of the septal defect.
Post-operatively, electrocardiograms confirmed that six of the patients were in atrial fibrillation.
In four, rhythm reversion using either quinidine or direct current countershock has been successful. One failed to revert, and in the other rhythm reversion has not yet ibeen attempted. Two further patients have a supraventricular tachycardia with variable ventricular responses. The remaining patients are in sinus rhythm. Figure 5 illustrates the change in R / S ratio in lead V, in these patients. It will be noted that in only two instances has there been no reduction in this ratio. One of these patients has been followed for only four months, and the other (case 20) has a small residual shunt. The mean frontal plane vector is normal in 16, indeterminate in one, and + 120', -80°, and -400 respectively in the remaining three patients.
The data on the 11 patients catheterized both pre-and post-operatively are summarized in Table  II (Table II) , and in all but two, normal levels have been reached. In most cases the pulmonary arteriolar resistance was also normal postoperatively (Table II) . That the pulmonary changes in patients so affected are not always irreversible is demonstrated by the following patient (case 7), a 47-year-old woman, classified grade IV pre-operatively and limited by exertional dyspnoea for many years. On cardiac catheterization pre-operatively, she was found to have a large left-to-right shunt (Qp/Qs=45) with high pulmonary arterial pressures (86 /24, mean Wolf et al. (1968) also question the value of surgical repair of atrial septal defects in persons over the age of 45. In their experience surgical correction was beneficial mainly to the patients who were symptomatic, with normal or at most mild to moderate increases in pulmonary artery pressure.
Since our review has been completed, Daicoff, Brandenburg, and Kirklin (1967) (Barratt-Boyes and Cole, 1967) . The deaths, however, include two due to ischaemic heart disease which will always be a hazard in an older group of patients such as this. The incidence of residual shunts in those restudied is also appreciably greater than in our overall experience (Barratt-Boyes, 1963) , although in three of the five it is questionable and clearly trivial, and all these patients are symptomatically improved. There would seem to be no particular reason why the incidence should be greater in this age group, and we suspect it is merely a chance finding in this small series.
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